CHAPTER P 
Preparation for Calculus 


Section P.1 Graphs and Models 


1. у = -3x 43 7.у-4-х 


x-intercept: (2, 0) 
y-intercept: (0, 3) 
Matches graph (b). y| -5 | 0 4101-5 


2. у= 9-х? : 


x-intercepts: (-3, 0), (3, 0) 


y-intercept: (0, 3) 
Matches graph (4). 


3. у= 3 – х2 


x-intercepts: (V3, 0), (-V3, 0) 


y-intercept: (0, 3) 5 


Matches graph (a). 


4. y-x'-x 


x-intercepts: (0, 0), (-1, 0), (1, 0) 
y-intercept: (0, 0) 
Matches graph (c). 


j 
5.у--х%2 


x | -4 -2101214 


у|0 |1 121314 


© t3 [cn 
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10. у =|x|-1 l4. y= 
x+2 
x | -3 | -2 | -1 |0 1 2 3 
x 6 4 3 2 1 | 0 2 
у | 2 1 0 -1 |0 1 2 
- y| -4 | - | -1 | Undef. | 1 114 
A І 
41 
15. 
x | 0 1 4 9 16 
y 6 5 4 3 2 
‚ 
m 
SE a р 
з 9.9 6-2) (а) (2, у) = (2,173) (y=V5-2 = = 1.73) 
шал (4, —4) 
(1, -5) 
79 o. -6) - (— - E 
at ©) (3) = (43) (3 = J5- C4) 
16. 
2 7 14 
2 3 4 
(а) (-0.5, y) = (70.5, 2.47) 
(b) (x, -4) = (71.65, -4) and (x, —4) = (1, -4) 
17. y 22x - 5 
y-intercept: y = 2(0) – 5 = -5; (0, —5) 
x-intercept: 0 = 2x - 5 
5 = 2x 
- 5. [5 
"JE MSN E 1 |2 |з x = 5 (5, 0) 
y| -l -$ —3 | Undef. | 3 3 1 18. y = 4x? +3 
А y-intercept: у = 40) +3 = 3; (0, 3) 
А 
37 E x-intercept: 0 = 4x? +3 
a 2.5 
А GD -3 = 4%? 
3-0! 
оо кова None. у cannot equal 0. 
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19. 


20. 


21. 


22. 


23. 


y=x +x-2 
y-intercept: у = 0 + 0-2 
у = -2; (0, -2) 


x-intercepts: 0 = x? + x - 2 


0 = (x + 2)(x - 


1 


x = -2, 5 (-2, 0), (1, 0) 


у? =x - 4х 
y-intercept: у’ = 0? — 4(0) 
у = 0: (0, 0) 


x-intercepts: 0 = x? — 4x 


0 = х(х - 2)(х + 2) 
ха 0, 42: (0, 0), (+2, 0) 


у = х\/16 — х? 


y-intercept: y = 0/16 - 0? = 0; (0, 0) 


x-intercepts: 0 = х\/16 — x? 


0 = x,/(4 - х)(4 + x) 


x = 0, 4, —4 (0, 0), (4, 0), (-4, 0) 


у = (х -1)уУх7 +1 


y-intercept: y = (0 - Do? +1 


y = -5 (0, -1) 


x-intercept: 0 = (x - D) x? +1 
l; 


хоо (1, 0) 
o 2-х 
? 5x +1 
-intercept: у = 2- Vo = 
і кез 5(0) +1 
x-intercept: 0 = 2- Vx 
5x +1 
0-2--/х 
х-4; (4,0) 


24. y 


25. 


26. 


27. 


28. 


29. 


E x? + Зх 
(3x +1) 
. 0? + 3(0) 
y-intercept: y — 
[3(0) + 1] 
y = 0; (0, 0) 
: x? + 3x 
x-intercepts: 0 = 1 
(3x + 1) 
x(x + 3) 
(3х нт) 


х з 0, -3; (0, 0), (-3, 0) 


ху-х + 4у = 0 


y-intercept: 0%(у) - 02 + 4у = 0 


у = 0; (0, 0) 
x-intercept: х2(0) -x + 4(0) =0 
x = 0; (0, 0) 
y22x-Nx +1 
y-intercept: y = 2(0) - V0? +1 
у = -h (0, -1) 
x-intercept: 0 = 2x —/x* +1 
2х = Vx? +1 
Ax? = x? +1 
3x7 = 1 
; 1 
х2 = = 
3 
3 
x = t—— 
3 
_ 3. (V3 о 
271%” 
Note: x = -4/3/З is ап extraneous solution. 


Symmetric with respect to the y-axis because 
у =( x) 6 = x? - 6. 


у-х-х 


No symmetry with respect to either axis or the origin. 


Symmetric with respect to the x-axis because 
(-у) = у? = x3 - 8х. 
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30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 
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Symmetric with respect to the origin because 


(-y) 


-у--х-х 


ll 

лт 

4 
wy 

O 

ТЕ 
ж-- 

4 
Мал 


Il 
= 
E 
з 


У 


Symmetric with respect to the origin because 
(-x)(-y) = ху = 4. 


Symmetric with respect to the x-axis because 
x(-yy = ху? = -10. 


у=4- Ух+3 
No symmetry with respect to either axis or the origin. 


Symmetric with respect to the origin because 
2 


(-x)(-y) - 44-03) = 0 


ху = 44-х = 0. 


Symmetric with respect to the origin because 
—х 


< 
І 


1 is symmetric with respect to the y-axis 


(ж 


(х) кі +1 


because у = 


уз | + x| is symmetric with respect to the y-axis 


=| Га + ее + |, 


because y = \ x) + (-х) 


| y| = x = 3 is symmetric with respect to the x-axis 
because 
1-х =3 
| y| -x =3. 
У-2-3х 


У-2- 3(0) = 2, y-intercept 


0=2-3(x)>3x=2 5 х = 5 x-intercept 


Intercepts: (0, 2), (4. 0) 


Symmetry: none 


40. 


41. 


42. 


43. 


у = 2х +1 
y= 2(0) + 1 = 1, y-intercept 
2 2 Зи 
0 = 3х +1 gx = 1 х 5» x-intercept 


Intercepts: (0, 1), (-3, 0) 


Symmetry: none 


у-9-х 


у-9- (0) = 9, y-intercept 


029-x = х? = 9 x = +3, x-intercepts 


Intercepts: (0, 9), (3, 0), (-3, 0) 


y=9-(-x! =9-x 


Symmetry: y-axis 


y = 2x7 + x = x(2x + 1) 

у = 0(2(0) + 1) = 0, y-intercept 

0 = x(2x + 1) > x = 0, =» x-intercepts 
Intercepts: (0, 0), (-4, 0) 1 


Symmetry: попе 


у-х-2 


y = 0° +2 = 2, y-intercept 


0242220 2 x 3/2, x-intercept 
Intercepts: (-М2, о), (0, 2) 


Symmetry: none 


44. у= x? — 4x 47. x = y 
у-0- 4(0) = 0, y-intercept y? = 0 > y = 0, y-intercept 
so A =O x = 0, x-intercept 
x(x = 4) -0 Intercept: (0, 0) 

3 3 

x(x + 2)(х - 2) = 0 х= (-у) в х--у 

x = 0, £2, x-intercepts Symmetry: origin 
Intercepts: (0, 0), (2, 0), (-2, 0) iA 


у =(-2) 4( х) = х +4х = (х 4x) 


Symmetry: origin 


48. x = y? - 4 


y-4=0 
(v + 2)(y - 2) = 0 
у = +2, y-intercepts 
45. y = хх + 5 х= 02-4 = -4, x-intercept 
у = O40 +5 = 0, y-intercept Intercepts: (0, 2), (0, —2), (-4, 0) 
xvx + 5 = 0 > x = 0, -5, x-intercepts 2 5 
х= ( y) 4=у-4 
Int ts: (0, 0), (—5, 0 у 
пире ) ( ) A Symmetry: x-axis i 
Symmetry: none 34 
(74,0) 


46. у = J25- x? 


8 
49. y - — 
у 24/25 - 0? = 4/25 = 5, y-intercept x 
8 | : 
25-х 20 уз m — Undefined — no y-intercept 
25- x) 20 8 . . 
— = 0 2 Nosolution > no x-intercept 
(5 + х(5 – х) = 0 х 
x = +5, x-intercept Intercepts: none 
T 8 8 
Intercepts: (0, 5), (5, 0), (-5, 0) -у= — = у= 2 
—х х 
2 
у = 425 – (-х) = V25 - x? Symmetry: origin 
Symmetry: y-axis i 
" 8+ 
A 6l 
7+ ask 
6 T0, 5) 2l 
at ее a aa 
34. = | 2456 8 
2+ р 
(-5,0) 14 (5, 0) 
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10 27 буу 
50. уз 2 53. 82 х 9 
x +1 у? =х+9 
10 
p= = 10, y-intercept = /х+9 
yeu id У р y 
10 PS tal я 9-- +\/9 = +3, y-intercepts 
= 0 > No solution — no x-intercepts 
x? +1 : tVxX+9 = 
Intercept: (0, 10) 3 x+9=0 
wt 
10 10 x = —9, x-intercept 
= 2 7 х2 +1 
(-х) +1 Intercepts: (0, 3), (0, -3), (-9, 0) 
Symmetry: y-axis 
T ыг (у -x=9 > y-x=9 
Symmetry: x-axis 
1 
51. у= 6-|x| ‘T 
y=6 -10| = 6, y-intercept 
6 -|х|- 0 
6= |x| cl: 
x = +6, x-intercepts 
Intercepts: (0, 6), (-6, 0), (6, 0) гэн 
54. х? + 4у2 =4 = у= + 
; = 6 -|-х| = 6 -|x 2 
) |-x] = 6 -|x| 
. : FEE 
Symmetry: y-axis € 4-0 _ м = нано 
y 2 2 
х? + 4(0) = 4 
х2 = 4 
x = +2, x-intercepts 


Intercepts: (2, 0), (2, 0), (0, —1), (0, 1) 


(-xy + 4( у} = 45 x44 = 4 


52. Symmetry: origin and both axes 


y =|6 - 0| = [6] = 6, y-intercept А 


6-х = 0 C2, «У 0) 
Ї >x 
. -3 3 
6 = x, x-intercept 


Intercepts: (0, 6), (6, 0) 


Symmetry: none 
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55. x +3y? = 6 57. x+y=8 > y=8-x 
3y? =6-х 4х-у = 7 у= 4х -7 
6-х 8-х = 4х -7 
У = + 
3 15 = 5x 
6-0 Зах 
y = Ł,|—— = БА/2, y-intercepts Th di lue i Ш 
3 e corresponding y-value is y = 5. 
x + 50): = 6 Point of intersection: (3, 5) 


x = 6, x-intercept 


58. 3x- 2y = -4 > y =- 7+4 


Intercepts: (6, 0), (0, V2), (0, -V2) 2 


—4х — 10 
: | 4х + 2у = -10 > у= — 
x+3(-y) = 6 = х +3у? = 6 2 
Symmetry: x-axis 3x +4 _ —4x — 10 
: 2 2 
3x +4 = —4х - 10 
7х = -14 
х=—2 
The corresponding y-value is у = -1. 
Point of intersection: (-2, —1) 


59. x! чу=б > у= 6-х 
56. 3x —4)? = 8 
хіу-4->у-4-х 
і 6-х? =4-х 
4 0=x -x-2 
0 = (x - 2)(х +1) 


3 
у= + (0) 2 = +4/-2 x = 2, –1 


< 
Ш 
I+ 
| 
қ 
| 
N 


4 
=> no solution > no y-intercepts The corresponding y-values are y = 2 (for x= 2) and 
ax — 40) - 8 у= 5 (for хов -1) 
3x = 8 Points of intersection: (2, 2), (-1, 5) 
8 . 
X — —, x-intercept 5 
3 60. x=3-y >y =3-x 
Intercept: (8, 0) y-x-l 
3-х-(х-1) 


Зх - 4(-у) = 8 = 3x-4y? = 8 


вушшепу. х-ах15 ТРОС ee ы б E I(x а 2) 


4 x =-lorx = 2 

„Га 0) The corresponding y-values are y = —2 (for x= -1) 
E zll Элчин and у - 1 (for х = 2). 

Al Points of intersection: (-1, —2), (2, 1) 

EH 
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61. х2 +у = 5 ә у = 5 – х? 


х-у= 15 у= х-1 
seg efe 
5-x =x -2x«1 
0 = 2x? - 2x - 4 = 2(х + 1)(х - 2) 
x =-lorx =2 
The corresponding y-values are у = -2 (for x = -1) 
and y = 1 (for x = 2). 


Points of intersection: (-1, -2), (2, 1) 


62. х2 + y? = 25 
Зх + у = 15 
25 - х? = (3х + 15) 
25 — x? = 9x? + 90x + 225 

0 = 10x? + 90x + 200 
0 = x? + 9x + 20 
0 = (x + 5x + 4) 


у? = 25 – х? 


y = 3х + 15 


х = -40гх = -5 
The corresponding y-values are у = 3 (for хээ -4) 
and y = 0 (for x = —5). 


Points of intersection: (-4, 3), (-5, 0) 


63. у= х -2x + х -1 


у = =х2 + 3х - 1 


у= -2+3х-1 


Points of intersection: (—1, -5), (0, -1), (2, 1) 


Analytically, x? - 232 + x - 1 = -x? +3x-1 


х = х? - 2х = 
x(x — 2)(х + 1) = 
x = -і, 0, 2 


66. | 


Points of intersection: (-1, 0), (0, 1), (1, 0) 


Analytically, 1 - x? = х“ - 2x7 +1 
0 = xt – x 


0 = xx + 1)(x - 1) 
x = -і, 0, 1. 


Analytically, x+6 = \/-х? - 4x 
x+6 = -x - 4x 
xX + 5х+6 = 0 
(х + 3)(x + 2) = 0 
х = -3,-2 
у = -|2x - 3|+ 6 
y=6-x 
7 
№ 
LAX] 
=" у=-|2х-3|+6 
Points of intersection: (3, 3), (1, 5) 
Analytically, |2х зіч 6-6-х 
[2% = 3| =x 
2x =3 = x or 2x 3 ——x 
х= Зог =; 
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67. (a) Using a graphing utility, you obtain 71. y = № 
у = 0.0051? + 0.27¢ + 2.7. 


(а) (L4: 4= 1) з ка 
b 
E. (6) (-21: 1- Қ(-2) = -8k > = 
(c) (0, 0): 0 = кої => К can be any real number. 
A 3 
of 30 (d) (-1,-1): -1 = &(-1) k k=1 
(c) For 2020, t = 40. 72. y zs 
y= 0.005(40): + 0.27(40) + 2.7 
= 21.5 (a) (1): 1° = 4k(1) 
The GDP in 2020 will be $21.5 trillion. 1 = 4k 
к= 1 
68. (a) Using a graphing utility, you obtain 4 
у = 0.24? + 12.6t — 40. (b) (2, 4): (4) = 4k(2) 
(b) 330 16 = 8k 
| k =2 


(с) (0,0): 0° = 4400) 


30 


The model is a good fit for the data. (d (3,3: (3) = 455) 
(c) For 2020, ғ = 30. 9 =12k 
y = 0.24(30)° + 12.6(30) - 40 k =3=3 
= 554 
The number of cellular phone subscribers in 2020 73. Answers may vary. Sample answer: 
will be 554 million. у = (x + 4)(x - 3)(x - 8) has intercepts at 
69. С= В x = —4, x = 3, and х = 8. 


2.04x + 5600 = 3.29x 
5600 = 3.29x - 2.04x 


74. Answers may vary. Sample answer: 


ys (x + 3G 4)(x 5) has intercepts at 


5600 = 1.25x 2 
x = -3,х = 4, апі x = 5. 
x = 2000 гаад Я : 
1.25 


75. (a) If (x, y) is on the graph, then so 15 (—x, y) by y-axis 
To break even, 4480 units must be sold. а 1053) nid ( і у) 44 
symmetry. Because (—x, у)18 on the graph, then so 


10,770 


x? 


70. y - = 0:37 is (—x, —y) by x-axis symmetry. So, the graph is 


symmetric with respect to the origin. The converse is 


400 3 а 
not true. For example, у = х” has origin symmetry 


but is not symmetric with respect to either the x-axis 
or the y-axis. 


А НЕ (b) Assume that the graph has x-axis and origin 


0 symmetry. If (x, y) is on the graph, so is (x, — y) by 
. . . : x-axis symmetry. Because (x, — y) is on the graph, 
If the diameter is doubled, the resistance is changed by 


approximately a factor of a For instance, then so is (7x. -(-») = (7x. ») by origin 


»(20) ~ 26.555 and y(40) ж 636125. symmetry. Therefore, the graph is symmetric with 
respect to the y-axis. The argument is similar for 


y-axis and origin symmetry. 
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76. (a) Intercepts for y = x? — x: 
y-intercept: y 20-020; (0, 0) 


x-intercepts: 0 = x —x = x(x? 1) = x(x - Dx + 1); 
(0, 0), (1, 0) (—1, 0) 
Intercepts for y = x? + 2: 
y-intercept: y = 0+ 2 = 2; (0,2) 
x-intercepts: 0 = x? +2 
None. y cannot equal 0. 
(b) Symmetry with respect to the origin for y = х? — x because 


у =(-2) - (-х) = -X + x. 


Symmetry with respect to the y-axis Югу = х? + 2 because 
y = (-х) +2 =x +2. 
(c) Х-хэх + 2 
x-x-x-220 
(x - 2)(x? +x+1)=0 
х=2 > y=6 
Point of intersection : (2, 6) 


Note: The polynomial x* + x + 1 has no real roots. 


77. False. x-axis symmetry means that if (-4, —5) is on the apa) 52 = dae 
| 79. True. The x-intercepts are | ———————_—, 0 | 
graph, then (-4, 5) is also on the graph. For example, 


(4, -5) is not on the graph of x = y? — 29, whereas 
(74, -5) is on the graph. 80. True. The x-intercept is E: о) 
а 


78. True. /(4) = f(-4). 


Section P.2 Linear Models and Rates of Change 


1. = = 
т = 2 вої M 25 
-2-1 -3 
2. m=0 | 
3. m = -1 
4. m = -12 
2 -(-4 
5. т = ( 26, а 
5-3 2 pes 
À 
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1-6 


7. m = ——— 
4—4 


m is undefined. 


= — undefined. 


The line is vertical. т--3 
т=1 


> = 


= (4, 6) 


ною зо волос ча 
Pong 
t 


Р ч шог 13. Because the slope is 0, the line is horizontal and its 
-1,| 123 4 5 6 equation is у = 2. Therefore, three additional points аге 


24 (0, 2), (1, 2), (5, 2). 


MEE WEE 14. Because the slope is undefined, the line is vertical and its 
-6+ 8,-5) 6-5 equation is x — —4. Therefore, three additional points 


are (-4, 0), (-4, 1), (-4, 2). 


15. The equation of this line is 
у-7 -3(х - 1) 


у = -3x + 10. 


Therefore, three additional points are (0, 10), (2, 4), and 
(3, 1). 

16. The equation of this line is 
y +2 = 2(х + 2) 


у = 2х + 2. 


Therefore, three additional points аге (33, —4), (-1, 0), 


and (0, 2). 
)-3 
8 17. y= 3х +3 
шиг Ду = 3x + 12 


0 = 3x - 4y +12 
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18. The slope is undefined so the line is vertical. 21. y +2 = Xx - 3) 
x = -5 У%2-393х-9 
хз = 0 у = 3х - 11 
A 0-23x-y-11 
PT y 
— — >: A 
=й 22 2 21 1 3+ 
NES a 
(5-0 -24 d 
4+ = 
E 31. 
-4L 
-sL 
— 2 
19 у= 3* 
3y = 2x 22. у-4 = -{х + 2) 
0 = 2х - Зу Sy - 20 = -3x - 6 
i Зх + 5у – 14 = 0 


t » x 
e E e 1 2 
2. у-4 
у-4-0 
| 23. (a) Slope = ee 
А Ах 3 
з (b) 


— y Басар; 


H— 30 ft ——~>1 
1 Ву the Pythagorean Theorem, 


зо mme x? = 30? + 10? = 1000 
104/10 = 31.623 feet. 


Ж = 

24. (a) А (b) The slopes are: LIU = 2.8 
$ 298.6 — 295.8 228 

B 6-5 
Е 301.6 — 298.6 230 

* 7-6 
a DEMNM 304.4 — 301.6 228 

4 5 6 7 8 9 8-7 

Year (4 <> 2004) = 

307.0 — 304.4 226 

9-8 


The population increased least rapidly from 2008 to 2009. 


(c) Average rate of change from 2004 to 2009: (d) For 2020,1 = 20 апа y = 16(2.8) + 293.0 = 337.8 million. 
307.0 — 293.0 14 | Equivalently, y ж 11(2.8) + 307.0 = 337.8.] 
9-4 5 


= 2.8 million per yr 
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25. y = 4x - 3 


The slope is m = 4 and the y-intercept is (0, -3) 


26.-х-у-1 
у=х+1 


The slope is т = land the y-intercept is (0, 1). 


27. x + 5y = 20 
уз -ix +4 
Therefore, the slope is m = - and the y-intercept is pug Ix zi 
(0, 4). | 


28. бх - 5y = 15 


= Oy — 
у з ях - 3 


Therefore, the slope is т = $ and the y-intercept is 


(0, —3). 21 


29. x = 4 
The line is vertical. Therefore, the slope is undefined and 
there is no y-intercept. J 
30. y = -1 
The line is horizontal. Therefore, the slope is m = 0 and 


the y-intercept is (0, —1). 


31. у= З 
А 
11 
sat [12345 36. y - 1 = 3(x + 4) 
Еа y =3x+13 
p 
-54 у 
p 
32. х= 4 
4 
‚1 
‚| 
}—+— > х 37. 
1 2 3 5 
24 
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8. » 2 6.2 0 Z 
38. x + 2y + 43. m= Bes 2 undefined 
x-3 6-6 0 


The line is horizontal. 


А aus 
44 
x-6= 
› 
8T (6,8) 
ot 
74 E (6, 3) 
8-0 -2 à 4 en 
39. т-----2 24 
4-0 
y-0=2(x-0) 
у = 2х donor Ж | 
0 = 2х - у 90 3-1 2 
-4 -2 у= 2 
у+2=0 
А 
7-(-2 "m 
diu ТЕСЕ. ИЕЛ мс ъ=; 
bepa) 3 "E ЕЕ 
23 
, — (-2) = 3(x - (-2 
ах (x ( ) (1-2) 0,-2) 
у+2 = 3(x + 2) -3+ 
у = 3x +4 0249) "T 
0-3х-у-4 
UM ШЇ 
то 3245 2H 
E y . 1 1 4 
8: нн 225 1 Sf 2 = 1 
те di 2 2 Ap, 
ЕТ 41183) 
1 3 11 24 
гэг нэ! жоош. 483) 
—— 4—+4++> х 
3. 4.307. 2 
8 40 zd. 11 3 4 -3 -2 -1 1 2 3 4 
Хийн 23 т 59, dar ыг 
8х +3y – 40 = 0 ЕИ do 0 = 22x -4y +3 
= y 3 1 
42. к=? NE, (3) - (-4) 
-3-1 -4 ти 4) 1 8 
| 7 5 3 3 
-2=-Цх-1 ДЕ => 
i ин Ca i 
у-2=-х+1 
1 -8 5 
х+у=3=0 + = E =— 
і ? 4 ч) 2) 


12у +3 = -32x + 40 
32x + 12у -37 = 0 


http $23 дворів Cana allpigntcReserres. Pamo damd, pote tor buptcated., өл уөзіес 0 ompliet ровен в өөйбіе-еніті8 острай. ON / 


47. = 
ЕЕ 83549 24 
x-3=0 a a 
| 3 4 
y оа 
1 а а 
| 1 
14 - = 1 
а 
3,0) 
ү 3 "ugs а=1 5 х+у=1 
-1 х+у-1=0 
53. —+2=1 
2а а 
9 -2 
di umet Am aer 
і 9-4 
= =1 
у= —x +b 2a 
а 5 = 2а 
x+y =b 5 
а=— 
2 
х y 
qm EISE 
; x5) G) 
n 
x 2y | 
c "ын 
x+2y = 
х+2у-5 = 
GONS 
54. ХЕ] 
а —a 
=2 
ЭР” (5.62, 
49 СЭ хийн а --й 
sp 2 
3x+2y-6=0 Е Ssa 
50. Le € 
FI 3 
3 " y 
-3 y _, 909. 
2 2 3 3 
- 4 
3x + y = -2 оке ДЬ ж=узе 
3x +y+2=0 3 


3Х-3у-4-0 


x 
51. 4” = = 1 55. The given line is vertical. 
1 2 (a) x = —-7,orx+7=0 
Fg o | 
a а (D у=-2огу+2=0 
bi 1 
ЫШ 56. The given line is horizontal. 
a=3>x+y=3 (a) у= 0 
х+у-3 = 0 (b) х= = ох +1 = 0 
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57. х-у=-2 61. 5x -Зу=0 
т =1 т = 5 
а) | у-5-1х-2) | 
i e >-і--) 
у-5-х-2 8 3 4 
х-у+3 = 24у - 21 = 40х - 30 
0 = 40x – 24у - 9 
(5) | »-5--Kx-2) саа 
1. 3 3 
y-5=-x+2 (b) уе 
x+y-7=0 40у - 35 = —24х + 18 
24x + 40у - 53 = 0 
58. x+y = 7 
у=— +7 62. Зх + 4у = 7 
т = -l Ay = -3х +7 
(a) у-2 = -I(x + 3) у=-3х +1 
у-2--х-3 3 
а 
x+y+1=0 
= (25) = =3fy = 
(b) y -2 = I(x +3) @ у (5) = -4 - 4) 
у-2 = х +3 у+5 = -іх +3 
О = х-у+5 4y + 20 = -3x + 12 


59. 4x -2y = 3 


A © »-C3 = de -4 
n e у+5 = 1х xi 
(à y-1 = 2x - 2) 3y + 15 = 4х - 16 
v-122x-4 0 = 4x - 3y - 31 
0=2x-y-3 
63. The slope is 250. 
n d i NC V = 1850 when t = 2. 


: V = 250(r — 2) + 1850 
250r + 1350 


60. 7x + 4y = 8 
i У 64. The slope is 4.50. 


4y = -7x +8 
4 М V = 156 when t = 2. 
TOM V = 4.5(t = 2) 4156 
J 1 = 45(t – 2) + 
7 = 4.54 + 147 
т--- 
ы 65. Тһе slope is —1600. 
(a) dae H А 3 V = 17,200 when = 2. 
сё б V = -1600(r - 2) + 17,200 
jes m 1600 + 20,400 
нг. хагас 
гд eee Ээ 66. The slope is —5600. 
кы созы еы, V = 245,000 when t = 2. 
(b) "TE 4» _ 3 V = —5600(r — 2) + 245,000 
2 A é = —5600/ + 256,200 


42у + 21 = 24x - 20 
24x – 42у - 41 = 0 
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68. 


69. 


70. 
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m = Ша, = -1 
2-0) 
тоо -2-0 22 

2-(-1) 3 
т ж т, 


The points are not collinear. 


-6-4 10 
т = = -— 

7-0 

11-4 7 
т = =о—— 

-5-0 5 
m, = т, 


The points are not collinear. 


Equations of perpendicular bisectors: 


[s 55 ро 
y = x 


2 с 2 
<= “+, tU 
?73 -с С 2 


Setting the right-hand sides of the two equations equal 
and solving for x yields x = 0. 


Letting x = 0 in either equation gives the point of 


intersection: 


0, -а + b? + с? | 
2c 


This point lies on the third perpendicular bisector, 
x = 0. 


Equations of medians: y 


A 
у гч 
mu ol 
то зав? \ - 
5 5) 
PTUS 56 - 4) Сао 10.0) ай,” 


Solving simultaneously, the point of intersection is В 3 


71. Equations of altitudes: 


a-b 
pe (x + a) 
x 2b 


a+b 
y= 222-0) 


Solving simultaneously, the point of intersection is 


С : 2 2 
с 


72. Тһе slope of the line segment from В 3 to 


2_ 22 
E B р Js 
с 


(а: - 57/4 = (с/3) 


m = 


b - (b/3) 
_ (за? — 36? = с?) (зс) _ За? - 3b? - с? 
(25) /3 2bc 


The slope of the line segment from E 3 to 


MC RN NES 
022 tb +c is: 
2c 


— (са: ++ с?) (20) | = (с/3) 
: 0 – (b/3) 
_ (-3a? + 3b? + Зе? – 2c?) (6с) | За? — 36? — с? 
-b/3 2bc 


Therefore, the points are collinear. 


73. ax + by = 4 74. (a) Lines c, d, e and f have positive slopes. 
(a) The line is parallel to the x-axis if а = 0 and (b) Lines a and 5 have negative slopes. 
b = 0. (с) Lines с and е appear parallel. 
(b) The line is parallel to the y-axis if b = бапа Lines d and f appear parallel. 
а = 0. (d) Lines b and f appear perpendicular. 
(c) Answers will vary. Sample answer: a = —5 and Lines Б and d appear perpendicular. 
Ь = 8. 
75. Find the equation of the line through the points (0, 32) 
E SR dL and (100, 212). 
pal = 5x41 — 180 _ 9 
y (эх + 4) ges т = 180 = 2 
(d) The slope must be =2; Е – 32 = ЖС - 0) 
Answers will vary. Sample answer: а = 5and = 3C +32 
рен 2 or 
5x + 2у = 4 С = ЦЗЕ - 160) 
y = 4(-5x + 4) = -3x + 2 SF -9C -160 = 0 


For F = 72°, С = 22.27, 
(e) а = Запа b = 


5 76. С = 0.51х + 200 
For x = 137, С = 0.51(137) + 200 = $269.87. 


| 
E 
+ 
95) 
= 
ШИ 
жоқ 


5x + бу 


77. (a) Current job: Ж = 0.075 + 2000 
New job offer: JW, = 0.055 + 2300 


(b) 3500 


(15,000, 3050) 


-] 20,000 


1500 
Using a graphing utility, the point of intersection is (15,000, 3050). 
Analytically, Й = М, 
0.07s + 2000 = 0.05s + 2300 
0.025 = 300 
s = 15,000 
So, И = М = 0.07(15,000) + 2000 = 3050 


When sales exceed $15,000, the current job pays more. 
(c) No, if you can sell $20,000 worth of goods, Шеп > M. 
(Note: W, = 3400 and W, = 3300 when s = 20,000.) 


78. (a) Depreciation per year: 1000 
ES = $175 
у = 875 - 175х 


where 0 < x < 5. 
0 6 
0 


(b) у = 875 - 175(2) = $525 
(c) 200 = 875 - 175x 
175x = 675 
x & 3.86 years 


й 
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79. (a) Two points are (50, 780) and (47, 825). 82. The tangent line is perpendicular to the line joining the 


The slope is point (4, -3) and the center of the circle, (1, 1). 
pe 825-780 (45 | 2 , 
47 — 50 -3 


p - 780 = -15(x — 50) 
р = -15х + 750 + 780 = -15х + 1530 


or E: 
1 
x = —(1530 - 
х = 15 Р) 
(b) 5 
Slope of the line joining (1, 1) and (4, -3) is 
1+3 -4 
1-4 3 
0 1600 
0 Tangent line: 
If p = 855, then x = k units. ghee 3% -4) 
(c) If p = 795, then x = (1530 795) = 49 units 3 
15 — Жий 
і 4 
80. (а) у = 18.91 + 3.97x 0 = 3x —4y — 24 
(x = quiz score, y = test score) 
1(-2) + (-1)(1) - 2 
(D); 10 83. x-y-2=0 >d LESE Ces 
VP +12 
ө. 
КЕЛЕСІ: 
J2 2 
0 20 
| СЕКЕ Оа АШ 
(с) If x = 17, у = 18.91 + 3.97(17) = 86.4. ИЕ Va + 32 5 


(4) The slope shows the average increase іп exam score 
for each unit increase in quiz score. | . . . 
: ! 1 : : 85. A point on the line x + у = 115 (0, 1). The distance 
(e) The points would shift vertically upward 4 units. і 
The new regression line would have а y-intercept 


4 greater than before: y = 22.91 + 3.97x. 1(0) +111) — 5 = 
1. 9-10-5| 1-5) a 


from the point (0, 1) to x + y — 5 = 015 


24/2. 


81. The tangent line is perpendicular to the line joining the JP +P V2 V2 
point (5, 12) and the center (0, 0). 


86. A point on the line Зх — 4y = Lis (-1, -1). The 


distance from the point ( 1, 1) to 3x - 4y - 10 = 015 


3-1) – 4-1 -10| |-3«4-10| 9 


NE 9 5 


а 


Slope of the line joining (5, 12) and (0, 0) is = 


The equation of the tangent line is 


-12--Чх-5 
4 207) 
ja E 

12° 12 


5x +12у - 169 


I 
= 
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87. If A = 0, then By + C = 018 the horizontal line у = —C/B. The distance to (x, yi) is 


d 


i 9 [Ву + C| |Ах + Ву, + C| 
|B| Ма +В? ` 
If B = 0,then Ax + C = 0 is the vertical line x = —C/A. The distance to (хі, ж) is 
=) | Аж + C]. | Ам + Ву, + C| 
хі ш = : 
4 14| VA? + В? 
(Note that A and B cannot both be zero.) The slope of the line Ax + By + C = Ois —A/B. 


d 


The equation of the line through (з, ж) perpendicular to Ax + By + C = 015: 
у-у = 5% - x) 

Ay — Ay, = Bx - Bx 

Вх — Ay, = Bx — Ay 

The point of intersection of these two lines is: 

Ax + By = -C => Ax + АВу = -AC (1) 

Bx — Ay = Bx, - Ay, => B?x - ABy = B?x, — ABy, (2) 


(4 T B?)x = ЗАС + Bx, – ABy, (By adding equations (1) and (2)) 
ЗАС + В?х - ABy, 
x 
А? + В? 
Ах + Ву = -C => АВх + B?y = -BC (3) 
Bx – Ay = Bx, – Ay, => -АВх + А?у = —ABx, + A’y, (4) 


(42 сз В?)у = -BC – ABx, + A’y, (By adding equations (3) and (4)) 
-BC — ABx, + Ауу 
А? + В? 


y= 


22 + B?x, — ABy, -BC — АВх + A’y, 


1 5 Я Я 1 point of intersection 
А +В А + B^ 


The distance between (x, ж) апа this point gives you the distance between (хі, ж) and the line 4x + By + C = 0. 


ГАС + B2x, — ABy, " [-BC - ABx + АЗ : 
a= А + В? 4,7 Z + В? n" 


_ ДГ АС - аву - 4% ‚ [-ВС - АВх - В? 1 
А? + В? 


_ [АСС + Ву + Ая) | щу -8(С + Ах + Ви) в) + д + Bu) |а + By +С 
А? + В? А? + В? (4? + py JA + В? 
88. y = mx +4 = тх+(—1)у+4=0 


4 149 + Bt С. [m3 + (-1)(1) + 4] |3m + 3| 


4/42 + В? [Jm + (ly Jm +1 


The distance is 0 when m = —1.In this case, the line у = —x + 4 contains the point (3, 1). 


(71,0) 
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89. For simplicity, let the vertices of the rhombus be (0, 0), 
(a, 0), (b, c), and (a + b, с), as shown in the figure. 


The slopes of the diagonals are then т = and 


a+b 


. Because the sides of the rhombus are 


m = 
-а 


equal, а? = Б? + c?, and you have 


с с с с 
mm, = . =a = 5 = -1. 
a+b b-a bt -a —с 


Therefore, the diagonals are perpendicular. 


y 


A 


(b, с) (a+b, с) 


90. For simplicity, let the vertices of the quadrilateral be 
(0, 0), (a, 0), (b, c), and (d, e), as shown in the figure. 
The midpoints of the sides are 


a a+b с 5-4 с+е de 
‚0, 550 , , and | —, — |. 
2 2 2 2 2 2.2 


The slope of the opposite sides are equal: 


€ o cte e 

2 __ 2 2 _ © 
a+b a b+d d Ь 

2 2 2 2 
0-2 c cte 

2 .. 2 2 22222226 

a 4 a+b 5-4 а-а 
2 2 2 2 


Therefore, the figure is a parallelogram. 


} (d. e) ( 


b+d cte) 
558 


(b, с) 


юа. 
къ 
1 
| 


a+b c 
2 2) 


(0, 0) (5 о) (а, 0) 


1. (а) f(0) = 7(0)- 4 = -4 
(b f(-3) = 7-3) - 4 = -25 
(c) f(b) = 7(b)-4 = 7b - 4 
(d f(x -1) = 7(x-1)-4 = 7x - 11 


91. Consider the figure below in which the four points are 
collinear. Because the triangles are similar, the result 
immediately follows. 


* * 
Yo =y Уу” Л 


* * 
Хэ-Х X) = х 


А 


» x 
92. If m, = —l/m;,then mm, = —1.Let L, bea line with 
slope т; that is perpendicular to L,. Then mm, = –1. 


So, m, = m, => L,and Г; аге parallel. Therefore, 


L, and L are also perpendicular. 


93. True. 
сі 
ах + Бу = с = у ee 
b с b 
bx- ay =@ > у= =х- 2 > т = – 
a a a 
1 
т =—— 
т 
94. False; if т is positive, then m, = —1/m is negative. 


95. True. The slope must be positive. 


96. True. The general form Ax + By + C = Oincludes both 
horizontal and vertical lines. 


http 923) дворів Cana ailpigntcReserres. Pamo damd, porte tyr buptcated., өл уөзіес 0 вое hoesto сэлхїїг- Мэй острай. O N / 


10. 


11. 


12. 


13. 


14. 


(a) g(0 25-0? = 5 5. (а) /(0) = cos(2(0)) = cos 0 = 1 
M р 9 е не на 
(© g(-2) =5-(2) =5-4=1 
(d) Е 1) =5-(t-1) = 5- (P -2 +1) (©) 42) x coe 2) = cosa = E 
=4+21- t (4) f(z) = cos(2(z)) =1 
(а) g(4) = 4(4-4)-0 6. (а) f(z) = sin x = 0 
5 s3)-()6-4- 3-4) --5 РТ 
22... o 2) = зо) - 2 
(d) g(t + 4) = (t 4y (t & 4-4) ог 2 - ШЕ _ МЗ 
= (+ 4t = P +8? +16 : : 3 
(d) f z) Э zi z) = : 


= 3x? + 3хАх + (Ах), Ax є 0 
Ax Ax Ax 
f(x) Л) 3х-1-0-1 3-1) ,, 1 
x-1 x-1 x-1 4 
f(x) - rg) (УУх-1-1 
х-2 х-2 
1-4/х-1 l+Vx-1 _ 2-х -1 


(х2) —1 1 461 Он ЩИ” 


fæ- fQ) <-х-0 ххх - 1) 


- zi Xa = x(x+1),x ж 1 
f(x) = 4x* 15. g(x) = V6x 
Domain: (--о0, >) Domain: 6x > 0 
Range: (0, оо) x > 0 = |0, со) 
Range: (0, oc) 
g(x) =x – 5 


16. h(x) = — x +3 


Domain: (-, оо) 


Range: [-5, oo) Domain: x 3320 > [-3, oo) 
Range: (-90, 0] 

f(x) = х 

Domain: (--о0, х) 17. f(x) = v16 - x? 

Range: (-о0, со) 16-х >0>x < 16 

n(x) БЭЭР Domain: [-4, 4] 


R: : 10,4 
Domain: (—оо, oo) ange: [0,4] 


Range: (—co, 4] Note: y = M16 - x? is a semicircle of radius 4. 
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18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 
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f(x) = |х - 3| 
Domain: (-, oo) 


Range: (0, со) 


лі (2n + a 
ж = 
4 2 


4n+2 


Domain: all / = 4n + 2, n an integer 


Range: (-%, — 1] о [L о) 
A(t) = cot f 
Domain: all ? = nz, n an integer 
Range: (—co, оо) 
3 
fet 
Domain: all x = 0 = (-, 0) U (0, о) 
Range: (о, 0) U (0, ©) 
x-2 
fe) x +4 


Domain: all x z —4 


Range: all y я 1 


[Note: You can see that the range is all у = 1 by 
graphing f] 

f(x) = Mx + Лх 

x20 and 1-х2 0 

x20 and x <1 


Domain: 0 < х < 1 = [0, 1] 
f(x) = Nx! -3x +2 
х? - 3х +22 0 


(х – 2)(x - 1) = 0 


Domain: x 220rx < 1 


Domain: (-, 1] о [2, о) 
2 
80) 71-08 x 


1 – cosx #0 
cos x # 1 


Domain: all x + 2nz, nan integer 


26. 


27. 


28. 


29. | 


30. 


1 


пе sin x - (1/2) 


луб 
2 


| 1 
sin x # — 
2 


Domain: all x = - + 2ил, = + 2ил, п integer 


1 
ее 
|x + 3| є 0 
х+3 + 0 


Domain: all x # —3 


Domain: (-, -3) о 
1 
„йс 
х2 — 4| є 0 


(x - 2)(x + 2) є 0 


Domain: all x = +2 


(-3, =) 


Domain: (-о, -2) о (-2, 2) о 
2x 4l x«0 

Ae b. +2,x20 

(a) f(-l) = 2(-1)+1=-1 

(b) f(0) = 2(0)+ 2 = 2 

(с) f(2) = 2(2)+2 = 6 

(4) (2 +1) = AP «1-222? «4 


(Note: /2 +1 > 0 forall £) 


Domain: (-о0, oo) 


Range: (7c, 1) о [2, oo) 


x 


fs) =| 
(а) /(-2 
(b /(0) = 
(с) f(l) = 
(d) f(s? + 


) = 


2 
0-222 


+2,x <1 


2x7 +2,x>1 


(- 2y +2=6 


2-2-3 


(Note: s? + 2 > 1 for all s.) 


Domain: (--оо, со) 


Range: (2, оо) 


(2, >) 


2) = 2s? +2) +2 = 254 + 852 +10 


31. f(x) _ |x| + Lx«l 


—х+1,х >1 


(9) /(®+1)=-(Ь®+1)+1=-ь per 
Domain: (—оо, со) 
Domain: (—оо, о) 
Range: (—оо, 0] ӘП, ©) 
Range: (-оо, оо) 
32 79 Vx+4,x <5 : Й 
. f(x) = N= z 
(x Е 5), Y 35 STs f(x) 9 x st 
_ Domain: [—3, 3 Ч 
а) зу = 3+ M m omain: [ ] 
Range: [0, 3] 
(b /(0)=/0+4=2 жа 
(с) f(5) = V5+4 «3 з 
(d) f(10) = (0-5) = 25 
Domain: |-4, оо) 38. f(x) = х+ 4-х 
Range: [0, oo) Domain: [-2, 2] 


"o Range: Дам = [2 ав 


y-intercept: (0, 2) 


x-intercept: (- 4/2, 0) 


Domain: (—оо, о) 


Капре: (-, oo) 


у 
- | x iT 
зас рг А рр аат 
Ж 61 -2+ 
Domain: (-, 0) о (0, oo) A 5 
Range: (о, 0) \ (0, о) D icu 0277 39. g(t) = 3 sin zt 
35. h(x) = Vx - 6 n 
Domain: `] 
x-620 5| 


x 2 6 = [6, о) 


Domain: (—оо, oo) 


Range: (0, оо) 
Капре: [—3, 3] 
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40. h(0) = —5 cos Ё 49. у = x? -1 у = Жул? -1 
у is not a function of x because there are two values of y 
Domain: (-, oo) for some x. 
Range: [-5, 5] à 
50. ху = х? -4у-0 У = = 
х +4 


y is a function of x because there is one value of y for 
each x. 


51. The transformation is a horizontal shift two units to the 
right. 


Shifted function: y = ух — 2 


2-0 1 52. The transformation is a vertical shift 4 units upward. 
41. The student travels 4 =; mi/min during the first 4 


Shifted function: у = sinx + 4 


minutes. The student is stationary for the next 2 minutes. ЕС 7 : | 
Ту 53. The transformation is a horizontal shift 2 units to the 


Finally, the student travels 5 4-1 mi/min during right and a vertical shift 1 unit downward. 
the final 4 minutes. Shifted function: y = (x — 2 -1 
42. 4 54. The transformation is a horizontal shift 1 unit to the left 


and a vertical shift 2 units upward. 


Shifted function: y = (x + 1)’ +2 


55. у = f(x + 5) із а horizontal shift 5 units to the left. 
Matches d. 


56. у = f(x) - 5 із а vertical shift 5 units downward. 


43. x- у? =0 Ру +-/х Matches b. 
y is not a function of x. Some vertical lines intersect the 57. y= -f(-x) — 2 is a reflection in the y-axis, a 
graph twice. reflection in the x-axis, and a vertical shift downward 2 

units. Matches c. 

44. Vx? - 4 y 0 y х2 – 4 
y is a function of x. Vertical lines intersect the graph at 58. y = -f(x - 4) is a horizontal shift 4 units to the right, 
most once. followed by a reflection in the x-axis. Matches a. 

45. y is a function of x. Vertical lines intersect the graph at 59. y = f(x + 6) + 2 is a horizontal shift to the left 6 
most once. 


units, and a vertical shift upward 2 units. Matches e. 
46. х2 ғу? = 4 | : : : : 
doi 60. y = f(x — 1) + 3isa horizontal shift to the right 1 unit, 
E 2 
у= tN4-x and a vertical shift upward 3 units. Matches g. 
y is not a function of x. Some vertical lines intersect the 
graph twice. 


41. x? +y? 2165 y = +416 - x? 


y is not a function of x because there are two values of y 
for some x. 


2 


48. ху з 16 > у=16-х 


y is a function of x because there is one value of y Юг 
each x. 
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61. (a) The graph is shifted 3 units to the left. (f) The graph is stretched vertically by a factor of 1. 


y 


(h) The graph is a reflection about the origin. 


y 
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(d) g(x) = 70 


(е) g(x) = 2f(x) 
g(2) = 2/2) = 2 
4) = 2/(-4) = -6 


The graph is stretched vertically by a factor of 2. 


А (2,2) 


O glx) = $f(x) 
2(2) = 57(2) = 5 
#(—4) = 3/4) = -3 


(g) g(x) = f(-x) 


The graph is a reflection in the y-axis. 


y 


(h) 
a(-4) = f(-4) = 3 
The graph is a reflection in the x-axis. 
: 
51 
ед» 5 
34 
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63. f(x) =3x-4, g(x) = 4 
(a) f(x) + g(x) = (3х - 4) + 4 = Зх 
(b) f(x) - g(x) = (3х - 4) – 4 = 3х - 8 
(с) f(x) - g(x) = bi 4)(4) = 12x - 16 
а) f(x)/2(x) id 


64. f(x) = x + 5х +4, g(x) =х+1 


(a) (x) + a(x) = (x? + 5х + 4) +(х +1) =x + 6x45 


(b) f(x) - g(x) = (x? + 5x + 4) - (x +1) = х2 + 4х +3 


f(x): g(x) = (x? + 5х + 4)(x +1) 


=x + 5x7 + 4x + х2 + 5х +4 


(c 


ми 


= х? + 6x? + 9х +4 


сох +5х+4 _(х+4)(х+1) 
х+1 х+1 


-х-4,хж-1 


65. (а) fle) = /(0) = 0 67. f(x) = x, g(x) = Vx 

©) e(/()) = «() = 0 (F ° вх) = Де) 

© &(/(0)) = (9) = -1 = (Vz) = (Vx) =x, x20 

(d) f(g(-4)) = f (15) = /15 Domain: [0, oo) 

© sles) = Де -1) = i (в о PE) = are) = sl?) = VF = 

(f) e( f(x) = a(Vx) = (Vz) l=x-1 (x> 0) Domain: (79, о) 

No. Their domains are different. (f 98) = (g о f) 

66. f(x) = sin x, g(x) = zx жб, 


68. f(x) -х2-1, g(x) = cos x 


(b) (s - | - Ағ - 6 =] (f° g(x) = f(g(x)) = Хоз x) = cos?x - 1 


Domain: (—со, >) 


(©) 8(/(0)) = g(0) = 0 
o f(x) = g(x? - 1) = cos(x? = 1 
ө dA) - (7) оа 
ЭГ 2) - 52 No feg*gof. 


(e) f(g(x)) = f(zx) = sin(zx) 
(9 =(/()) = «(біп x) = z sin x 
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3 
69. = >, =x e 70. 2 
fe) =A 0) - NEFA) - 2 
3 E 
(f° g)(x) - f(g(x)) E ЛЕ Ш 1) == Domain: ( 2, oo) 
Domain: all x # +1 > (-оо, -1) U (-1, 1) u (1, со) ГЕ )- ШЕ - = 
(є ° f)(x) = e(/(x)) You can find the domain of g o f by determining the 
3 зү | 9 ї 9 — x? intervals where (1 + 2x) and x are both positive, or both 
Ө 8 x x^ negative. 
Domain: all x я 0 = (-о; 0) О (0, со) qM 


No, fog я во /. 


71. (а) (7 


о 
09 
— 
= 
(295) 
М 
| 
Ss 
25, 
09 
А. 
(295) 
— 
= 
Il 
= 
| 
22 
М 
Il 
A 


(4) (f © є)(-3) = f(s(-3) = /(-2) = 3 
(е) (g о f\(-l) = e(/( De =2 


72. (Ao r\(t) = Ағ) = А(0.6г) = (0.61) = 0.36207 
(A о r)(t) represents the area of the circle at time г. 
73. F(x) = J2x - 2 
Let A(x) = 2x, g(x) = x - 2and f(x) = Vx. 
Then, (f o g o А)(х) = f(g(2x)) - f(x) 2) - 0» 2 22x -2 = F(x). 


[Other answers possible] 


74. F(x) = -4 sin(1 - x) 
Let f(x) = 4х, g(x) = sin x and h(x) = 1 – х. Then, 
(7 ogo h)(x) = Жей - x)) = f(sin(1 x)) = —4 sin(1 x) = F(x). 


[Other answers possible] 


75. (a) If f is even, then (3, 4) is on the graph. 


(b) If f is odd, then (3, —4) is on the graph. 


76. (a) If f is even, then (-4, 9) is on the graph. 


(b) If f is odd, then (-4, -9) is on the graph. 


TT. f is even because the graph is symmetric about the y-axis. є is neither even nor odd. / is odd because the graph is symmetric 
about the origin. 
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78. (a) If f is even, then the graph is symmetric about the 79. f(x) = ха - x?) 
y-axis. 


f is even. 

f(x) = ха - х) -0 
х?(2 - х)(2 + х) = 0 

-44 Zeros: x = 0,-2,2 


80. f(x) = Vx 


(b) If f is odd, then the graph is symmetric about the 
origin. f(-x) = Cx) = Vx = f(x) 
y f is odd. 


f(x) ax = 0 x = 0 is the zero. 


81. f(x) = x cos x 


f is odd. 
f(x) = хсоѕх = 0 


л : | 
Zeros: x = 0, 3 + nz, where n is an integer 


82. f(x) = sin?x 
f(-x) = sin?(-x) = sin(-x)sin(-x) = (-sinx)(-sinx) = sin?x 


f is even. 


sin?x = 0 > sinx = 0 


Zeros: x = ил, where и is an integer 


4 - (-6) 10 8-1 7 
83. SI = = = —5 84. Slope = — = — 
цасса -2-0 -2 p 5-3 2 
7 
у - 4 = (х - C2) y-1= 3273) 
у-4--5х-10 le во 
у = -5х -6 2 2 
| | | 7 19 
For the line segment, you must restrict the domain. y= 5* 7% 
f(x) = —5х-6,-2<х<0 For the line segment, you must restrict the domain. 
7 19 
у ху--Хх---,3<х<5 
2 LO GF 
: 
s+ (5.8) 
> х 
2 4 6 6 
44. 
(08) (3,1) 
-2 2 1 5 8 і 
E 
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89. Answers will vary. Sample answer: In general, as the 
price decreases, the store will sell more. 


> 


Number of sneakers sold 


Price (in dollars) 


90. Answers will vary. Sample answer: As time goes on, the 
value of the car will decrease 


Е 


86. x? + y? = 36 


А 
у? = 36 – х? 
à 
у = -\/36 -х?, -6 <х<б6 3 
" 
A 
=>! 
8 
91. y-2xvNc-x 
у? = с х2 


x? + у? = с, acircle. 
87. Answers will vary. Sample answer: Speed begins and ыы [-5. 5) шиг: 


t 0. Th ight tant in tl iddle: 
endsa Е be constant inthe middie 92. For the domain to be the set of all real numbers, you 


must require that x? + 3cx + 6 # 0. So, the 
discriminant must be less than zero: 


(зе) - 4(6) < 0 


Speed (in miles per hour) 
> 
M 
о 
ю 


9c? < 24 
<$ 
Time (in hours) = з one 3 
88. Answers will vary. Sample answer: Height begins a few -3-/6 С 3-/6 


feet above 0, and ends at 0. 


Е 93. (а) T(4) = 16°, 7(15) = 23° 


(b) If H(t) = T(t = 1), then the changes in temperature 


will occur | hour later. 


(c) If H(t) = T(t) — 1, then the overall temperature 
f X would be 1 degree lower. 


Distance 


Height 
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94. (a) For each time f, there corresponds a depth а. 
(b) Domain: 0 < < 5 
Range: 0 < d < 30 
(с) x 


ЕЕ! 
1 2 3 4 3 6 


(d) d(4) = 18. At time 4 seconds, the depth is 
approximately 18 cm. 
95.(a) д 
ч 500-- 
38 we 
es 
a 5 300 
№8 200+ 
E 3 щої 
-4-1-4-4-1-0-2-5 
10 20 30 40 50 60 
Year (0 <> 1960) 
(b) А(25) = 445 (Answers will vary.) 
96. (a) > 
0 100 
0 
x x Y x 
(b) н = 0.002 5) + 0.005 5) — 0.029 
1.6 1.6 1.6 
= 0.00078125x? + 0.003125x — 0.029 
100. f(-x) = ЖӨзш + en a Tec ах) + ад 
= aX du 3X 7? e ад 
= f(x) 


Even 


97. 


98. 


99. 


F(x) = |x] ніх - 2] 
If x < 0, then /(х) = x (x 


2) 2 2x +2. 


If 0 < < 2, then f(x) = x -(x-2) = 2. 


If x 2 2, then f(x) = x +(x - 2) = 2x - 2. 


-2x +2, x <0 
f(x) = +2, б<»&2. 
2x-2, x22 


р(х) = x! – x + lhas опе zero. р,(х) = x? - x has 
three zeros. Every cubic polynomial has at least one 
zero. Given р(х) = Ах? + Bx? + Cx + D, you have 
р > —oas x > —o and р > о asx > ії 

А > 0. Furthermore, p > oo as x — —% and 

р — -œas x — oo if A < 0. Because the graph has 


no breaks, the graph must cross the x-axis at least one time. 


f(-x) = ані Я Te ах(-х) + а(-х) 
= a, x" + + ау + ax | 
--00) 

Odd 


101. Let F(x) = 
So, i is even. Let ч je 


= [091-809] = Хх 


F(-x) = 
So, 2 is even. 


102. Let F(x) 


F(-x) = f(-x)g( 
So, F(x) is odd. 


= f(x)g(x) where f is even and g is odd. Then 


х) = f(x)[-s(*)] = 
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x) --Е (x). 


f(x)g(x) where f and б are even. Then F(-x) = f(-x)g( 
f(x)g(x) where f and g are odd. Then 


x) = (a(x) = 


- - 106. Т 
103. By equating slopes, E = : : ч 
_ p 
6 107. True. The function is even. 
у-2- 
7 р 3 5 108. False. If f(x) = x° then, /(3х) = (зх) = 9х? and 
х 
pat 5-4 3 f(x) = 3x2. So, 3/(х) = f(3x) 
2 
L= 2 + у? = ‚|? Ч 2x | | 109. False. The constant function f(x) = 0 has symmetry 
х-3 with respect to the x-axis. 
2 26 
104. (a) V = x(24 - 2x) 110. True. If the domain is {a}, then the range is {f(a)}. 


Domain: 0 < x < 12 
(b) 111. First consider the portion of R in the first quadrant: 


T x > 0, 0 < у < land x- у < 1; shown below. 


А 
24 The area of this region is 
-1 12 1 1 _ 3 
00 on 0,9 Ta 
Maximum volume occurs at x — 4. So, the + To ane 
dimensions of the box would be 4 x 16 x 16cm. | | 
-14 
(с) x length and width volume | 
й Ву symmetry, you obtain the entire region R: 
1 24 - 2(1) [24 - 2(1)] = 484 у 
- А 
2 24 - 2(2) 124 - 2(2)| = 800 2+ The area of R is 4(3) = 6. 
- - (-2, 1) (2,1) 
3 24 — 2(3) 3[24 - 2(3)] = 972 
2 | {>x 
4 24 - 2(4) 4[24 - 2(4)| = 1024 с? d 
2 -2-1 2,-1) 
5 24 — 2(5) s[24 - 2(5)] = 980 к 
6 24 - 2(6) 6[24 — 2(6)| = 864 


112. Let g(x) = c be constant polynomial. 


Then f(g(x)) = Же) апа elf) = с 


So, Же) = с. Because this is true for all real numbers с, 


The dimensions of the box that yield a maximum 
volume appear to be 4 x 16 x 16cm. 


105. False. If f(x) = x^,then /(-3) = f(3) = 9, but 


ee f is the identity function: f(x) = x. 


Section P.4 Fitting Models to Data 


1. (a) and (b) 


© 
mae кан рип хатсан шир! 

° 

° 

° 


600 — 


х 


Мн ә x 
900 1050 1200 1350 7 8 9 10 11 12 13 14 15 


Yes, the data appear to be approximately linear. The data do not appear to be linear. 


The data can be modeled by equation 
y = 0.6x + 150. (Answers will vary). 


(b) Quiz scores are dependent on several variables such 
as study time, class attendance, and so on. These 


(c) -When 1075 0 6 075) + 150 — 795 variables may change from one quiz to the next. 
x m mum 05 - : 
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3. (а) d = 0.066F 
(b) 10 


0 


The model fits the data well. 
(с) If = 55, then а = 0.066(55) = 3.63 cm. 


4. (a) з = 97:4 04 
(b) 45 


-5 
The model fits the data well. 
(c) If = 2.5, 5 = 24.65 meters/second. 


5. (a) Using a graphing utility, y = 0.122x + 2.07 
The correlation coefficient is г = 0.87. 


(b) e 


(c) Greater per capita energy consumption by a country 
tends to correspond to greater per capita gross 
national income. The three countries that most 
differ from the linear model are Canada, Japan, and 
Italy. 


(d) Using a graphing utility, the new model 
is y = 0.142x — 1.66. 


The correlation coefficient is r ~ 0.97. 


6. (a) Trigonometric function 
(b) Quadratic function 
(c) No relationship 


(d) Linear function 


7. (a) Using graphing utility, 


10. 


5 = 180.89»? - 205.79x + 272. 
(b) 25000 


0 14 
0 


(c) When x = 2, S « 583.98 pounds. 
2370 
584 


The breaking strength is approximately 4 times 
greater. 


23,860 _ 


= 4.06 


(d) 


(e) 4.37 


When the height is doubled, the breaking strength 
increases approximately by a factor of 4. 


. (a) Using a graphing utility 


t = 0.00135? + 0.0055 + 1.48. 


(b) 15 


0 


(с) According to the model, the times required to attain 
speeds of less than 20 miles per hour are all about 
the same. Furthermore, it takes 1.48 seconds to reach 
0 miles per hour, which does not make sense. 


(d) Adding (0, 0) to the data produces 
t = 0.000952 + 0.0535 + 0.10. 


(e) Yes. Now the car starts at rest. 


‚ (a) у = –1.806х3 + 14.58x? + 16.4x + 10 


(b) 300 


0 7 
0 


(с) If x = 4.5, у = 214 horsepower. 


(а) T = 2.9856 x 10 ^ p? — 0.0641p? + 5.282p + 143.1 
(b) зво 


150 


(c) For T = 300°F, р = 68.29 Ib/in. 


(d) The model is based on data up to 100 pounds per 
square inch. 
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П. (а) y, = -0.0172P? + 0.3052 - 0.871 + 73 
y, = —0.038? + 0.45¢ + 3.5 
уз = 0.006313 + —0.0721? + 0.027 1.8 


(b) 


Yı + Yo + уу = -0.0109P + 0.195? — 0.404 + 12.6 
For 2014, 1 = 14. So, 
-0.0109(14) + 0.195(14)" — 0.40(14) + 12.6 


ур те Ys 


15.31 cents/mile 


й 


12. (а) М, = 1.89t + 46.8 Linear model 
М, = 0.048513 - 2.0151? + 27.00t — 42.3 Cubic model 


(b) 


(c) The cubic model is the better model. 


(d) М; = -0.414/2 + 11.00 + 4.4 Quadratic model 


100 


The model does not fit the data well. 
(e) For 2014, ¢ = 24 and 
М, = 92.16 million 
№ = 115.524 million 
The linear model seems too high. The cubic model is better. 


(f) Answers will vary. 


13. (a) Yes, y is a function of f. At each time f, there is one 
and only one displacement у. 
(b) The amplitude is approximately 
(2.35 - 1.65)/2 = 0,35. 


The period is approximately 
2(0.375 — 0.125) = 0.5. 


(с) One model is у = 0.35 sin(4zt) + 2. 
(4) 4 


(0.125, 2.35) 


(0.375, 1.65) 


0 


The model appears to fit the data. 
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14. (a) S(t) = 56.37 + 25.47 sin(0.5080r - 2.07) (4) The average is the constant term in each model. 
83.70°F for Miami and 56.37°F for Syracuse. 


(e) The period for Miami is 27/0.4912 = 12.8. The 
period for Syracuse is 27/0.5080 = 12.4. In both 


cases the period is approximately 12, or one year. 


(b) 10 


0 18 (Р) Syracuse has greater variability because 
25.47 > 7.46. 

The model is a good fit. 
(c) 79 15. Answers will vary. 


16. Answers will vary. 


© 


The model is a good fit. 


17. Yes, А < А. То see this, consider the two triangles of areas 4 and 4»: 


For i = 1, 2, the angles satisfy ai + фі + yi = z.Atleast one of < а», д € fh, y, € у» must hold. 


Assume a, < а». Because а; < л/2 (acute triangle), and the sine function increases on [0, л/ 2], уоп һауе 


А = Ibo, sin а < libe, sin 01 


ІЛ 


Ib sin 05 = 4, 


Review Exercises for Chapter P 


1. у-5х-8 
x = 0: у = 5(0) - 8 = -8 = (0, -8), у-ішегсері 


ys0:025x-80 X= : = (& 0), x-intercept 


2. у = х? – 8х + 12 
x = 0: y = (0) - 8(0) + 12 = 12 = (0,12), y-intercept 


у = 0: х? — 8х + 12 = (х 6)(x 2) 0 x = 2,6 (2, 0), (6, 0), x-intercepts 


x-3 
3. у = 
3 x-4 
0-3 3 3 : 
х =0: у > |0, — |, y-intercept 
7T 79-4 4 | z) 4 4 
х-3 : 
у = 0:0 4 x = 3 > (3, 0), x-intercept 
x 


4. у= (x - 3)/х +4 
0: y = (0-3)V0+4 34/4 = -3(2) = -6 = (0, -6), y-intercept 


0: (x — 3)\Vx +4 =0 x = 3, -4 (3, 0), (-4, 0), x-intercepts 


= 
Ш 


< 
Ш 


5. y = x? + 4x does not have symmetry with respect to either axis or the origin. 
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6. Symmetric with respect to y-axis because 


y (а) - (-х) +3 


узх!-х +3. 


7. Symmetric with respect to both axes and the origin because: 


(8) ЕКО ee ee 
y-2x-5 y-2x-5 у? = ж? -5 
8. Symmetric with respect to the origin because: 11. у= x) - 4х 
Са) = 2 y-intercept: у = 0° — 4(0) = 0 
сана (0,0) 
9. у= е7 +3 x-intercepts: х - 4x = 0 
2 2 
x(x - 4) - 0 
Билэг - 
y-intercept: y = 20) +3 = 3 x(x — 2)(x + 2) = 0 
(0, 3) x = 0,2,-2 
0, 0), (2, 0), (-2, 0 
x-intercept: ыы +3 = 0 ( ) ) ) 
2 Symmetric with respect to the origin because 
ES 253 (-х) - 4(-x) = -x3 + 4x = -(2 = 4x). 
х= 6 


| >x 
A 3 4 
"Ч 
12. у? =9—ух 
nu y+x-9=0 
10. у--х 44 y-intercept: y? «9-0 =9 у = +3 
| (0, 3), (0, -3) 
y-intercept: y = -(0) +4=4 
(0, 4) x-intercept:07 29-x > x =9 
9, 0 
x-intercepts: -x +4=0 ( ) 
(2 = х)(2 + х) -0 Symmetric with respect to the x-axis because 
x = +2 (-y! +х-9=У+х-9=0. 


(2,0), (-2,0) 
Symmetric with respect to the y-axis because | 
eu +4 = -x? +4. 
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13. y = 2/4-х 16. 
y-intercept: у = 24/4 - 0 = 2/4 =4 
(0, 4) 
x-intercept: 24/4 – x = 0 
44-х = 0 
4-х = 0 
х= 4 


14. y =|x - 4|- 4 


y-intercept: у =|0 4 4 =| 4| 4= 4-4 = 0 


(0,0) 
x-intercepts: | x - 4| -4-0 


х-4|-4 


х-4-4огх 
X mu x =0 


(0, 0), (8, 0) 


Symmetry: none 


15. 


-1 y 
“SS pS Xue» 
=x+5 

= 3x +15 

= 8x 

-2 =x 


For x x+5 2+5=3. 


2, у 


Point of intersection is: (—2, 3) 
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17. 


19. 


2x+4y = 9 а ка. 
4 
6x - Ау = 7 yore 
4 
-2х +9 6х-7 
4 4 
-2х +9 = 6х - 7 
—8х = -16 
x =2 
6(2) - 7 
Forx =2, y= (2) 2 
4 4 


Point of intersection: В 5 


х-у=-5 > у=х+5 
х? - у з 1 y=x-1 
x+5=x -1 
0=x -x-6 
0 = (x - 3(x + 2) 
x=3 or x =-2 
Бог х = 3, у = 3 + 5 = 8. 
For x = -2, у= -2 + 5 = 3. 


Points of intersection: (3, 8), (-2, 3) 


.x.y212yzl-x 
х+у=1 > у=х+1 
lag site oa) 
1-22 = х2 + 2х +1 

0 = 2x? + 2x 

= 2х(х + 1) 

х= Оох = -1 
Бог х = 0, у= 0 +1 = 1. 


For x 1+1=0. 


Ly 


Points of intersection: (0, 1), (-1, 0) 


П 
+ 
1 


Slope = 


зэ? 
A 


20. The line is horizontal and has slope 0. 25. y =6 R 
1 біоре: 0 77 
— 3 . PN 
(-7, 8) CL, 8) y-intercept: (0, 6) T 
6+ Ч 
4-- 2-- 
21 14. 
Е-Е EM азаа | 135%, 
-8 -6 -4 —2 200 
-2L 
26. x = -3 А 
34 
Slope: undefined 24 
Line is vertical. 17 
»- x 


-5 -4 -2 -1 1 


27. y = 4x - 2 y 
Slope: 4 
y-intercept: (0, —2) 


22. Because m is undefined the line is vertical. 


N 
9 
25 
з 
+ 
о 
< 
Ш 
— 
N 


х= -80гх+8 = 0 
2y = -3х + 12 
A -3 
6+ у=—х+6 
2 
Ч 3 
+ Slope : -— 
(-8, 1) : E 2 
— — 
аан, y-intercept: (0, 6) 
е 
29. Н аа A 
23. y-0 2-20 8-0 4 ^T 
J silt 
1 1 
pee y-0= H-0) ТІ 
2x %3у%6-0 s 1 iMi 
у--х ЕШ 
4 
231! 
4у-х-0 -4-- 
30 _ -l-5 _-6_ 
24. Because т = 0, the line is horizontal. и т 10 — (-5) 15 “28 
у-4- (х-5 y =) 
и. »-5- 36 - C3) 
у-4огу-4-0 dil 5 Р 
6+ 5y — 25 = -2x - 10 A 
rab 
шингээн 5у + 2х – 15 = 0 Pal 
3: 
di: dit 
224 
E 
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у-5 = (х + 3) 
16у — 80 = 7x + 21 


0 = 7x — 16у + 101 


(b) 5x - Зу = 3 has slope B 


yr = 3(x + 3) 
Зу - 15 = 5x + 15 
= 5х – 3y + 30 
(с) 3x + 4y = 8 
4y = -3х + 8 
-3 
т 


y-3 3C - (—3)) 


3y - 15 = 4х + 12 


4х -Зу + 27 = 0 or у= =х +9 


(d) Slope is undefined so the line is vertical. 
х = 3 
x+3=0 
2 
32. (a) у-4= “3 - 2) 


3y - 12 = -2x + 4 
2x + Зу - 16 = 0 
(b) x + у = 0 has slope —1. Slope of the perpendicular 


line is 1. 

у-4- I(x - 2) 
у=х+2 
0-х-у-2 

4-1 3 
ІН Б а 
3 
у-4- -70 Е 2) 
4y - 16 = -3x + 6 
3x + 4у - 22 = 0 
(а) Because the line is horizontal the slope is 0. 
у-4 
у-4-0 


33. The slope is -850. 
V = —850t + 12,500. 


V(3) = -850(3) + 12,500 = $9950 


34. 


35. 


(a) C = 925t + 13.501 + 36,500 = 22.75t + 36,500 
(b) R = 30t 
(c) 304 = 22.751 + 36,500 

7.251 = 36,500 


t = 5034.48 hours to break even 


й 


f(x) = 5x +4 

(a) /(0) = 5(0) +4 

(b (5) = 5(5) + 4 = 29 
© (3) = 

(d f(t-1 = 5(¢ +1) +4 = 5+ 9 


4 


§(-3) + 4 = -11 


36. f( 


37. 


f(x) = х? -2x 

(а) 7-3) = (3) - 2(-3) = -27 + 6 = -21 
(5) f(2) = 2 - 2(2) =8-4=4 

© ГО) С - 302 --1-2-1 
(à fle -1) = (e-1) - Хе - 1) 


= č – 3с? + Зс -1-2c+2 


= с — 3с + с +1 


f(x) = 4x? 
f(x + Ax) - f(x) | 4x + Ах) - Ax? 
Ах Ах 
a(x? + 2xAx + (ду) — 4x? 
1 Ах 
_ 4x? + 8хАх (Ax). - 4x? 
Ax 
Е Ах 
= 8x + 4Ax, Ах=0 
f(x) = 2x - 6 
/@ = 20) - 6 = -4 
fe) = FC) _ (х-%)-(-4) 
х-1 х-1 
_ 2х-6+4 
9 х-1 
| 2x -2 
7 = 1 
N 2(x-1) 
- ded 
-2, xzl 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 
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f(x) =x +3 
Domain: (—оо, oo) 


Range: [3, о) 


g(x) = 6-х 

Domain: 6 — x = 0 
62 
(-~, 6] 


Range: [0, oo) 


x 


fle) = 4x41 
Domain: (—оо, о) 


Range: (-оо, 0| 


48. 


2 
х+1 


h(x) 


Domain: all x 


1; (7, -1) ә (-Ъ ©) 
Range: all у є 0;(—, 0) U (0, ©) 


x-y = 6 1 
ЖА/Х-6 


Not a function because 
there are two values of E 
y for some x. 


y 


ЕЕ 
8 10 12 14 


х - у= 0 


Function of x because 
there is one value for 
y for each x. 


yis a function of x 
because there is one ---- 
value оҒу for each x. | 


2 
x9 y У 


Not a function of x 
since there are two 
values of y for some x. 


(a) 


(b 


му 


(a) 


(b) 


(2, -4) 
6 


The graph of g is obtained from f by a vertical shift 
down 1 unit, followed by a reflection in the x-axis: 


g(x) - f(x) - 1) = -x + 3х2 +1 


The graph of g is obtained from f by a vertical shift 
upwards of 1 and a horizontal shift of 2 to the right. 


g(x) = f(x - 2) «12 (x - 2) 


3(x - 2) +1 


Odd powers: f(x) - x, g(x) 


2 
h 


о 


The graphs of f, g, and й all rise to the right and fall 
to the left. As the degree increases, the graph rises 
and falls more steeply. All three graphs pass through 


the points (0, 0), (1, 1), and (-1, -1) and are 


symmetric with respect to the origin. 


Even powers: f(x) = x^, g(x) = x*, A(x) = x 
4 g 
h А 
-8 3 


0 


The graphs of f, g, and A all rise to the left and to the 
right. As the degree increases, the graph rises more 
steeply. All three graphs pass through the points 

(0, 0), (1, 1), and (—1, 1) and are symmetric with 
respect to the y-axis. 


All of the graphs, even and odd, pass through the 
origin. As the powers increase, the graphs become 
flatter in the interval -1 < x < 1. 


y = x’ will look like h(x) = x^, but rise and fall 


even more steeply. у = x° will look like 


h(x) = х?, but rise even more steeply. 


49. (а) f(x) = x'(x – 6) 


The leading coefficient is 

positive and the degree is 

even so the graph will rise 

to the left and to the right. -4 19 


-25 


100 


80) = x - 6) 


The leading coefficient is 
positive and the degree is 
odd so the graph will rise 
to the right and fall to 
the left. 


h(x) = x*(x — б) 


(b) 


300 


—100 


(с) 


200 
The leading coefficient is 
positive and the degree is 


even so the graph will rise 53. 
to the left and to the right. 
—800 
50. (a) 3 (cubic), negative leading coefficient 
(b) 4 (quartic), positive leading coefficient 
(c) 2 (quadratic), negative leading coefficient 
(d) 5, positive leading coefficient 
51. (а) у = -1.204х + 64.2667 
(b а 
(c) The data point (27, 44) is probably an error. Without 
this point, the new model is 
у = -1.4344х + 66.4387. 
Problem Solving for Chapter P 
1. (a) x? -6x + у? – 8у = 0 
(x? - 6x + 9) + (у? - 8y +16) = 9 +16 
(x – 3) «(y - 4) = 25 
Center: (3, 4); Radius: 5 
(b) Slope of line from (0, 0) to (3, 4) is =, 


Slope of tangent line is 2 So, 


у-0= AG = 0) = у = v Tangent line 


5. 


(a) Using a graphing utility, you obtain 
у = -0.043х? + 4.19x - 56.2. 
(b) so 


26: 


(c) 

—0.043(26)? + 4.19(26) - 56.2 
= $23.7 thousand 

(d) 34: 

—0.043(34)" + 4.19(34) - 56.2 


= $36.6 thousand 
(a) Yes, у is a function of t. At each time f, there is one 
and only one displacement y. 
The amplitude is approximately 
(0.25 — (-0.25))/2 = 0.25. The period is 


approximately 1.1. 


(b) 


(c) 
(d) os 


One model is y = : cos em a cos(5.71) 
4 1.1 4 


(1.1, 0.25) 


(0.5, -0.25) 


-0.5 


The model appears to fit the data. 


(c) Slope of line from (6, 0) to (3, 4) is : 


|. 


Slope of tangent line is 3. 5о, 


3 9 : 
—x — —, Tangent line 
4 2 


у-0= 400-6) = у= 


(4) 


Intersection: E 3 
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2. Let у = тх + lbe a tangent line to the circle from the 


-, x20 
: -Н(х) = 
point (0, 1). Because the center of the circle is at (0, -1) (©) (9 к x«0 
and the radius is 1 you have the following. 5 
A 
2 2 _ 41 
x + (у + 1) =1 4) 
x + (тс +1+1) =1 sii 
(т? + 1)x? + 4mx +3 = 0 -4-3-2-1,[ 12 3 4 5 
Setting the discriminant 5? — 4ac equal to zero, Eni 
44 
16m? – Ат? + 1)(3) = 0 
" 1 х <0 
16m” — 12m? = 12 (d) H(-x) = 
0 x > 0 
4т? = 12 
т = x3 А 
xL 
Tangent lines: y — \/3x + Land уз NE +1. m 
— 
1 x20 TERE 1334 
3 H(x) - 17 
0 x«0 -2- 
234 
у -44 
at 
3+ 1 18 x20 
2 © SH(x) = 2 
| 0 х<0 
„Жее. | 123 4 5 ) 
Ей 1 
зі ay 
-4- 3- 
fal 
@ нНфу-2=у, 526 ЕЕ 
а х)-2- -4-3-2-1, | 3 
2”: zr 
V 
А al 
at 
B ОЕ 77 
2+ == = + = 
1-1 2, Xx 
+++ х 
—4 -3 -2 -1, 1 2 3 4 y 
—— ns 
-3-- 34 
-4+ —— 
(b) H(x - 2) L x22 -- ч! s 
x — = =&-3—2-1 123 4 
0, x<2 240 
у ES 
gh -4-- 
b 
j| = 
ttt Ot x 
нийг?! 12 3 4 
= 
-4 
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f(x + 1) 


4. (a) 


(b) 


(c) 


(d) 


(е) 


2/(х) 


(ғ) |А) 
(з) f(|xl) 


5. (а) 


(b) 


(c) 


yi Да, 


2 
+ 50x 
2 


Domain: 0 « x < 1000г (0, 100) 


1600 


0 110 


Maximum of 1250 ш?аёх = 50m, у = 25m. 
A(x) = —4(x? - 100x) 


Е A(x? — 100x + 2500) + 1250 


5 


= -l(x- 50) + 1250 


A(50) = 1250 m? is the maximum. 


x = 50 т, у = 25 т 
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_ 300 - 3x 
4 
300 - З _ -3x? + 300x 


6. (а) 4y + Зх = 300 y 


2 2 


A(x) = x(2y) = 4 
Domain: 0 < x < 100 


Ho x 


Maximum of 3750 ft? at x = 50 ft, y = 37.5 ft. 


(c) A(x) = -3(x? - 100x) 


-3(x? — 100x + 2500) + 3750 


—3(х - 50) + 3750 


A(50) — 3750 square feet is the maximum area, 
where x = 50 ftand y = 37.5 ft. 


8. Let d be the distance from the starting point to the beach. 


distance 


Average speed - 
time 


2d 


Ш 
оо 
о 

3 
> 


9. (a) Slope = "- = 5. Slope of tangent line is less 
than 5. 


(b) Slope = г = 3. Slope of tangent line is greater 


than 3. 


441-4 


(c) Slope = = 4.1. Slope of tangent line is 


less than 4.1. 


ДО +h) - f(2) 


(d) 


Slope = 


(2+h)-2 


2 
7. The length of the trip in the water is 4/2? + x? , and the = (2+hy -4 
h 


length of the trip over land 18 4/1 + (3 = xy. So, the Ah + I 
хааа. АЈ ЕЕ; h 
+ 
2 4 


hours. 4+h,h#0 


total time is Т = 


(e) Letting Л get closer and closer to 0, the slope 
approaches 4. So, the slope at (2, 4) is 4. 


10. > 


(4, 2) 
it 
2222 
al 
(a) Slope = = = L Slope of tangent line is greater than = 
9-4 5 5 
2-1 1 23 1 
(b) Slope = ——— = —.Slope of tangent line is less than —. 
4-1 3 3 
21-2 10 10 
с) Slope = ———— = —. Slope of tangent line is greater than —. 
©) P 441-4 41 p 5 5 41 
(4) Slope = f(4*n)-f(4 «Ач -2 
(4+h)-4 h 
© V4+h-2 V4th-2 V4+h+2 (440)-4 — 1 cd 
h h V4+h+2 (NA +h + 2) Ма+һ+2 


1 . 1 : 
As h gets closer to 0, the slope gets closer to - The slope is "i at the point (4, 2). 
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1 


1-х 


11. f(x) = у = 
(a) Domain: all x # lor (—co, 1) U (1, со) 


Range: all y є бог (—co, 0) U (0, со) 


1 1 1 1-x х-1 
о Д) ртр тат Та 
1 БЭ 1-х 
Domain: all x # 0, lor (о, 0) ù (0, 1) v (1, oo) 
х-1 1 1 
© Ла) = (2) = Epit 

jes Сай: = 
X x 


Domain: all x # 0, lor (—%, 0) U (0, 1) U (1, ©) 
(d) The graph is not a line. It has holes at (0, 0) and (1, 1). 


3 
A 


2+ 


12. Using the definition of absolute value, you can rewrite the equation. 
у «ple = +h 


2y, у» 0 2x, x >0 
0, у<0 |0, х<0 


For x > бапа у > 0,youhave 2у = 2х > у = x. EN 


For any x < 0, yis any y < 0. So, the graph of у *|»| = х + |х] is as follows. 


1 21 1 21 
13. (а) ra S (b) 2 Р Аш 2 2 y 
x (x — 3) x+y (x-3 зу A 
81 
х? — бх +9 = 2x? (1-3) + у? = 2(x? + y!) 8 
2 - == ә 
х* +6x-9 = 0 х2 - 6x +9 + y! = 2x! + 2y? 
х = 26 N36 + 36 х + у -6бх-9-0 i 
2 2 
x+3) + у? = 18 
= —3 +/18 а с 
шэг цагг Circle of radius -/18 and center (-3, 0). 
с 1 3 3 
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КІ 


14. 
(а) буг ay 248 


х? + у? 


(x - 4) +y = k(x? + у?) 
(k - 1)? + 8x + (k - Гу? = 16 


If = 1, ћеп x = 2 is a vertical line. Assume k = 1. 


TE | _ 16 

k-1 ^ k-1 
à Be 16 5 16 16 
x^ + + -+y = + 
К-1 (6-1) Кк-1 (8-1) 

2 

Ї jo | ну? = 16 5» Circle 

k=] (k - 1) 


(c) As k becomes very large, n З 1 > Oand и 5 0. 


(6-17 


The center of the circle gets closer to (0, 0), and its radius approaches 0. 


15. ад, = 1 
[6 + ЇЇ + ЗГЕ - у + | 
(0) Ну +(х-1]+ у =1 


(x? - i) + УЧ 2х? + 2] +У=1 


1 


xt = 2x? +14 2х2 у + 2y? + yt =1 A 


(x* -2xNy + »*) - 2x? + 2у? = 


2 
(e+ = 


| 
© 


| 
N 
“== 
қ 
Ё 
| 
ч 
N 
— 
0 
КЕЗЕ 
ae 
! s + 
©. 
кю! 
Y 


Let y = 0. Then х = 222 > x = Oor x? = 2. 


So, (0, 0), (V2, 0) and (-V2, 0) are on the curve. 
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